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MR No. L5L18
GROTND-STAND COOLING INVESTIGATION OF AN
R~2600-22 ENGINE IN A

RESTRICTED

PBM-3D NACELLE

By Robert C. Spencer, F. Willlam Petring,
' -and Wwilliam R. Prince

SUMMARY

. Thls report presents the results of an 1lnvestigation
of the cooling characteristics of an R-2600-22 engine
installed in a PBM-3D nacelle. The investigation was
divided into two parts; an investlgation of the general
cooling characteristics of the engine by the NACA cooling-
correlation method, and an lnvestigatlion of the coolling of
apeclfic polnts on the englne cyllinder where cooling was
critical. Partlcular effort wes dlrected toward meas-
urements of exhaust-valve-crown temperatures and the
investigation of methods of cecooling the exhaust-valve
crown., Fairly extensiwe tests were also made in an effort
to improve the cooling of the number 3 cylinder.

A comparison with a torque~stand correlation obtained
with an engine having a simllar cylinlder head but different
barrel fins 1indicsested very good.agreement. A comparlson
of the cooling-correlation equation dstvermined during
these tests with a correlation obtained on an R-2600-22
engine 1In flight indilcated falr agreement between the two.

T™he data from the exhaust-valve tests show that
control of the fuel-alr ratio 1ls the most important
‘factor influencing the exhaust-valve.crown temperature-
Aside from redesign of the valve and cylinder, 1t does
not ap»ear possible to attain eoosling by -external means
comparable to thet attainable by controlllng the fuel-
air ratio. The ground tests indicate. that 1t is
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femsible to operate the engine in flight at 975 horse-
power at fuel-air ratios as lean as 0.056. '

General engine performance, including braske specific
fuel consumption is not adversely affected by very lean
mixture operation, although the manifold pressure must be
Increasei by about 10 percent to maintain cruising power,

It 1s recommended that endurance testlng be conducted
to determine the effects on the engine of operation at
mixture ratios in the neighborhooed of 0.056 to 0.058.

The service life of the englne might be extended, provided
this lean mixture operatisn loes not cause unforeseen
deleterious effects.

For this engine installation, removal of the baffles
from the number cylinder reduced the tempsratures at the
rear snark-plug rasket, rear midbarrel, aad base of the
cylinder, without producing messursble reductions in the
temperature of the exhsust valve. It 1s stressed that,
although removal of the baffles from one hard-ts-cool
cylinder may often prove to be & quick fix, removal of
the bafiles from all cylinders wlll be. deflnitely detri-
mental., .

INTRODUC TION

At the reguest of the Bureau of Aeronautlcs, Navy
Department, the NACA has conducted & cooling inves-
tigation of the R-2600-22 engine installation of the
PBX-3D airplane, both on a ground-test stand at the
Langley full-scale tunnel and in flignt. The inves-
tigation was requested because the engine cooling of the
PBM=-3% and PBM-3C alrplanes was inalequate at high gross
welghts. 1In crulsing flight the cylinder-head temper-
ature 1llmit was exceeded, and exhaust valve burning and
fallures were frequent. When production of the PBM-3D
was started, the proto-tjpe slrplane and an engine quick-
change unlt were made avallable to the NACA for flight
and ground-cooling tests, since 1t was believed that
many of the difflculties encountered with the PBM-3 and
PB¥=-3C would also he experilenced with the PBM-3D,

The original test pnograms called for a determination,
both in flight and on the ground-stani, of the improve-
ment in coolling posslble with redesigned cylinder baffles
and wlth propeller-speed cooling fans. In addition, the
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ground~-test program inscluded some specialized tests,
such 8g measurement of the exhaust-valve-crown temper-
atures,: which reguired more extensive 1nstrumentat10n

and.wore' AL ff{oult. to carry out in rli Because of

the results aof.the- baffle, revisions ran instal- . .
letion during the flight tests, some modifications were
made in the program for the ground testa. .The.schedule
of bvaffle tests.was greatly rduced, testing of the fan
as. guch was eliminated, greater effart was diregted
toward an investigation of exhaunt-valve .gooling, and
specific tests were condisted ror 1mprov1ng ths cooling
of- -number_ § oylindar. R -

" Tnis fepprt presents the general cooling charac-_[

‘

teristioa of the engine by the NACA cooling-correlation"

methpd, and the resulta of the inveatigation of the
effects on the exhaust-velve~crown temperature of
several methods of cooling. A brief description of the
serles”’ aftests- for-“Improving the cooling of. the number
8 cylinder 4is.-also 1nc1uded._ . s .

s

.oaT
-
am

APPARATUS A?D INSTRUHEVTATION

L]

¢ “installation.- The R 2600-22. engine 1s a
lhpoy naer. o-row .radial air-cooled englne, rated at

1900 horsepownr at 2500 rpm for take-pff and 1600
horsepower ‘at 2400 rpm for maximum continugus power
from sea-«level ‘to 5300wreet.. The .propeller gear ratle
1s 1617, the impelier diameter is 11 inches, and the
impeller. gesr ratios .-are 7.06:1 and 10,06:1. The
R-2600-22 engine 1is of the R-26Q0 BB- -gerles. and differs
in seversl respects from the engines of the R-2600 B
serles used in the PBEM-3 and PBL-3G airplanes. Alu-

minum barrel fins are used instead of steel, nichrome-

faced exhaust valves instead of stellite—faced
buttress~threaded exhaust-valve seats 1instead of seats
shrunk. into the cylinder head, and two -0il sumps -
Instead of one. The aluminum bédrrel fins are fabrl-
cated in the fqorm of 180° arcs which are fas-

tened by roliling them into grooves machined on the
cylinder barrels.. L

The staniard PBM~3D quick-change engine unit weas
installed ,on an outdoor ground-test setup (fig, 1),
This unit, which included those parts of the ‘nacelle
ahead .of ﬁhe _rear of the. engine mountg waa lupported
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on a gtyh-wing: " ‘Edgine controls and instruments were. -~
located-In a test house.about 20 fedt from "the wing, and
angine control was by: electric actuators in the wing.
Hydreulic . .pressures and  air pressures were-read in the
control house from direct-actuated 1nstrdm9nts.

. The engine power was absorbed by a iS-foot 2=-inch
diameter Curtiss Flectric 4-blaide propeller. A -

gropeller-speed fan 'of a Curtlss preliminary design was '
natalled to augment the cooling-alr flow. - .

The engine charge alr was measured by &:callbrated .-
venturl end was brought to the carburetor through an
externgl duct. The fuel flow was measured by "Stablvias"
rotameter, and the engine torque was measured with a =~
standard #right hydraulle torquemeter supplied with the
engine, ' ’

The engine was equipned with a Stromberg PR-LTAL
carburetor, with Wright Aeronautical Gorporation carbu-
retor setting No. 68973N31. The fuspl system vas mod-
1fied somewhat to nermit greater flexibillity in fuel-
alr ratio control by installing an auxiliary fuel line
from the control house to the fuel transfer pipe of the
carburetor and by installin%hspecial mixture-control
plates in the carbureter. o auxllidry fuel line was
oonnectéd downstream from thé rotameter so that the
additional fuel flow was read on the rotameter. Control
of the auxiliary flow was by a hand needle valve. The
special mixture-control plates permitted fine adjust-
ment of the manual mlixture e¢nntrol at statlons between
"gutomatic rich" and "automatic lean,” and between
"gutomatic lean" and "idle out-off." -

The fuel used throughout the tests was speclfl-
cation AW-F-2&, grade 100/130.

Instrumentation.- Total-pressure tubes were
installed on all Iront-row (even numbered) cylinder
heads 'and on the number 1 cylinder head. Static-
pressure tubes were installed on all rear-row {odd
numbered) cylinders. The locations of the ‘total-
pressure and the static-pressure tubes are shown in
figure 2.

Prior -to installation of pressure tubes over the’
entire engine, a brief investigation was conducted to
determine the fore-and-aft location most auitable for
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these tests, It wasa found that the smoothest and most
reproiucible readings were obtalned by locating the tube
‘enis 3/16 inch aft of the baffle curl. That location
was chosen for these tests.

Embedded iron-constantan thermocouples were
lnstalled in the rear-spark-plug boss of each cylinder.
The embedisd thermocouple.conslsted of one- iron and one
constantan number 28 glasa-covered wire sllver soldered
into a 0,018~1inch diameter soft brass pellet, which was
driven into a hole drllled into the spark-plug boss
(fig. 3). The number 23 wires were silver soldered to
heavier leads which were held rigidly to the cylinder
by a small - brass clip.

A few preliminary tests were made to conmpare the
temperature measured -by the embedied thermocouple wilth
that measured by two spark-plug gasket-type thermocouples.
Both of the gasket-type thermocouples were attached to
the same gasket, one palr of lsads belng embedded in the
body snd'the other palr 1ln.the tab projecting from the
gasket. The three test thermocoupnles were installed on
the number 3.e¢yllinder of the engine. Army-Navy standard
gasket-type thermocounles were installed at the rear
snark plugs of cylinders 2.and L to obtain reference
temperatures, .

Three series of thermocounle tests were run. The
first series was run with the normal flow of air over
the engine, and the second and third series with 167-
and 139-mile=-per~hour blasts of air from a 3/l-inch
tube Jirected on the thermocouples. Each serles of
tests was run at several different power conditions
selected to give a range of cylinder-head temperatures,
The test results (flg. l;) show that the thermocouple
embedded in the spark-plug hoss wgs affected least by
stray blasts of alr, while the thermocouple in the tab
projecting from the gasket wgs affected most. In view
of this fact, the embedded type was chosen for the
correlation work.

Each cylinder was also equipped with a conventional
gasket-type thermocouple at the rear spark plug and
thermocouples were installed at the cylinder flanges.
During the exhaust-valve work, thermocouples were
Installed in the exhaust-~valve crown of the number 2
cylinder, in the exhaust-valve gulde, and ln the metal
Immediately adjacent to the exhaust-valve seat.
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The exhaust-valve thermocouple installation 1s
similar to that described by Sanders and others in
reference 1, with the exception that provision was made
for installing all contacts underneath the rocker-box
cover. The general arrangement of the installatlon 1s
shown schematically in figures 5 and 6. - The thermo-
couple 1s formed by the junction of the single con-
stantan wire and the stalnless steel tube shown in
figure 5. The single-wlire thermocouple permits a nore
rugged constructlion than does the two-wilre-:thermo-
couple; however, due to the fact that the temperatures
encountered are near the upper limit for an iron-
constantan thermocouple, the calibration 1s somewhat
uncertaln and apparently changes slightly with use.

The thermocouple is conslidered -satisfactory for ’
comparative tests, although the absolute values may

be in error by as much as 50° or 60° F., The thermo-
couple emf is transferred to-the external leads’ through
the contacts on the long steel springs (fig. 6). These
contacts are arranged to touch the contacts on the valve
during only about 1/32 inch of valve travel. Movement
of the springs 1s thereby held to a minimum. Inasmuch
as the valve remalns closed approximately three-fourths
of the time, no difficulty has been experlenced in
obtainlngz good null balance redgdings on a notentiometer
with a reasonsbly sensltive galvanometer.

This thermocouple is characterized by both compact-
ness and ruggedness. The complete Ilnstallation can be
maie beneath the rocker-box cover, and the present
installation has been operated a. total of more than 65
hours. The only malntenance required has been replace-
ment of the contacts on one occasion, and minor adjust-
ments of the tension of the contact springs. :

NOTATION
rpm englne crankshaft speed, revolutlons ﬁer
. minute . .
ihp indicated horsepower
bhp breke horsepower
P engine manifold pressure measured at the

blower rim, inches of mercury absolute
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outside air pressure, inches of mercury
absolute

mass 4density of cooling alr, slugs per cublc
foot

relative Jensity of cooling air (p/0.002378)

cooling-air pressure drop across engine,
inches’of water

engine cooling air, pounds per hour
engine charge alr, pounds p»er hour-

exponents applying to w We, and o©Ap,
respectively

constants

average temperature of all cyllnders,
measured by thermocougles embedded in
the snark-plug boss,

cooling-air temperature, oF

carburetor-air temperature, °F

mean effective gas temperature, °OF

reference mean effective gas temperature at
carburetor-air temperature of 0° F, OF

increment of effective gas temperature
scceleration of gravlity, feet per second2

specific heat of air at constant pressure,
Btu per pound °F
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COOLING CORRELATION
Fstablishment of the Cooling Correlation

T™e fundamental principles of the NACA engline-
cooling correlatlion method have been expressed in
references 2, 3, and }}, and detalled descriptions of
the application of the method are given 1in reference §5,

The fundamental equation for the cooling of an alr-cooled
englne 1is expressed as follows:

Y .
-t w ) . .
"n ” e _ o, = (1)
x .
tg - th Wg
or '
- Yy .
th ta - We (2)

—e = (o e
tg - t, 2 (OAn)Z

Equation (2) is ap-roximate, ani 1s generally used in
applylng the correlation method at low ani medium
altitudes. At high altitude the more exact equation (1)
1s used.

Throughout this report the reference mean effectlve

gas temperature tg, 1s used instead of tEB , 1In conform-
0

ance with current nrectice. The mean effective gas tem--
perature tg is determined from the equation:

tE = tEo + 0.3 (%, + At),

whers the blower rise At 1s determined from the equation:
| At = (Impeller Figﬁspeej)2
778 8 €,

For thils englne, the equation reduces to:

(reference 5)

2
At = 19.1 <;g§%> (l1ow blower),
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and:

z> : '(high blower)

100

For low blower, then, the correction At 15 determined
from the expression
rpm 21

A 0.8’; +19116UD'_J (%)

. te°+°8t+l9l(rg'g'5)2] (L)

o
ct
i

ct
i

The correlation was run_in accorlence with standard
practice, then random points were taken to verify the
correlation. 4ll runs were made with the englne Iin low
blower. ' '

Power-Charge-Alr Correlation

Generally, the solution of the cooling problems
requires a knowledge of.the charge-air flow, Wg. The
following methol of estimating the charge-alr flow
(see reference 5) 1ls based upon ths assumption that

W
the indicated speciflc air conshmﬁtion(%%—, pounds of
P

air per indicated horsepower hour) 1s firxel at any one
fuel-air ratio. A curve of speciflc air consumptlon
agalnst fuel-alr ratio 1s plotted from the data taken '’
Juring the correlation runs, und the charge-air flow 1s
estimated by use of the following equation: -

We :
ihp = bhp + £21.8 + 2.13 m)](ig%;%) - 1.61 ém - PQ lggg
(5)

m
bhp. + 21. -1.61 - a) i
P v : @m P 1ooo

~1 .o 0021% G_ ‘)
We/inhp . 000

where Wg/ihp is determined from the plot of specific air
consumptlon against fuel-alr ratlo.

which may be puté ﬁthe following form:

Wy =

(6)
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The eguation with the above constants applies only
to the R-2600 engine with 1ll-inch dlameter impeller, and
with an impellér gear -ratio of 7.06:1 {low blower). The
corresponding equation Spr hlgh blower operation 1is

bhp + 21.8 (EEM\ . 1,61 (P - Py —in

6— 1000
1 a rpmZ D
We/lhp 0-00L31 1opo>

Relatlon of Engine Temperature Limlis to tp

fig=

The value of tp, 1s determined from the engine-
temperature limits as set by the manufacturer, given 1in
terms of hottest rear-spark-plug-gasiket temoerature.

The correlation presented in this report 1s based upon
the average temoerature of all cylinders (as indicated
by thermocouples embedied in the spark-plug bosses),
therefore the relationshlp between hottest rear-spark-
plug-gasket temperature -and. avergge embedded temnerature
of all cylinders is needed. This relationshin 1s deter-
mined from a8 plot of hottest rear-spark-nlug- .pasket
temperature against average embeddeli-thermocodunle tem-
perature, from Jdata obtalned during the correlation runs.

.. Cooling~Correlation Results

A generegl summary of the correlation data 1s glven
in table I, and the individual crlindier ‘temperatures are
listed in table II.

The variation of t& with fuel~air ratlo is shown

in figure 7. It'ls seen that the nolnts all fall fgirly
near the curve, regardless of whether the ‘engine was oner-

ated at constant charge-air flow, constent »Hower, or con-
stant manifolld pressure.

The value of the exponent 2z (equation (2)), as
determined by the construction curve, 1s O, 36. The expo-
nent y 1is 0.59, and C, is 0.004206. ‘7The complete

cooling-correlation equation for thie engine "1s then
ty - t 2%
& = 0.00420 e

- (8)
te - . (otp)0:36
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e ‘cooling -Gorrelatiocn for+ihe eﬁging,;w;tp

.th.- g *0 QU ASen fue W LT

tg = th Wl 59

plotted a<ainst oAp, is given fn" figure g.

Applichtion'-

An example of the use of the correlastlion curves
follows. The conditions -are. assumed for a Btandard
crulse setting. .

'thditions: '
Navy summer atmosphere . o _-sn:;
Pressure altitude, feet . . « ¢« ¢ ¢« & & ... ; . .55351
Atﬁospheric pressure, lnches of mercury . « . . Eha§
Atmospheric temperature O°F . . . C e e e e e e T
O o o o o o o o + o o s e s e e w e s e e .. 0.8120
Engine speed, Tpm . « « « o s« « o o s o« o o o o 1975
Engine manifoll pressure, inches of mercury . . 31.5
) .Bﬁa#b HOTSEPOWET « « « « o o o o o o o & o o o o o 975
ifuei-air PAELO v « o o « o'6 « o s o o 4 s o o o 0.065
Assume carburetor alr taﬁperature, °p . . ; « ¢« o T5

The normal cruislng speed of the PBM alirplane 1s
somewhere in the neighborhood of 1L0 miles per hour at
. the power condition assumed. Correctlons for compress-

ibility effects have been appliel and the following
corrected values are used: .

ta,oFo-'.n-'n.--o--..'--c--:.I.o'25"

(o] ® ¢ % 5 W er e s s 8 6.8 s e .a e s s s 4 e o .‘.0'82‘




12 MR No. L5L18

First, - Wg, tg, and %, must be determined. From fig-

W
ure 9, IEE at 0.065 fuel~air ratio 1s 5.95 pounds of air

per injlcated horsepower-hour, ani froﬁ equation 6,
Wg = 6500 pounds per hour.

' From figure 7, tg, at 0.065 fuel-air ratlo 1is
1170° . Then (equation (l))

tg = tgo + 0.8 [75 + 19.1 (1.975)3 = 1170 + 120 = 1290° F

The manufacturer lists }j01° F as the tempersture
1imit for the hottest heai (rear-spark-plug-gasket
thermocounle) for continuous operation, ani figure 10
shows that t,, (embeddel thermocouple) at a hottest
rear.spark-plug-gasket temperature of [j01° F 1s }10° F.

Then,

th - &g -1;= )4.10 - 75 1
tg - By W0+ 29 1290 -~ 10 65000+ 59

= 0.0021)4

and from figure 8,0Lp = 6.9

Supplementary Conslderations

The curve of 1ndicated specific fuel consumption
(fiz. 11) is an index of the. general engine performance.
The consistency of the fuel and alr measurements is 1llus-
trated by the fact that the data of both filgures 9 and 11
fall reasonsbly near the curves.

Comparison with Other Correlations

A cooling correlation for the ClLB engine 1s pres-
ented by the #right Aeronautical Corporation in refer-
ence 6. ‘The cylinier head of the ClhB engine is similar
to that of the C1lLBB (2600-22) engine, and the cooling
correlation for the cylinider heads should therefore be
simlilar. A comparison of the two correlatlons 1s shown
in figure 12. The Wright Aeronautical Corporat%gn data

th_ta wlo
plotted against

tE - th cdp

» and

are presented with
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for gomparison the HACA da qgﬂﬂq;ottqd on thé same basls.
The exponent,-1.66, used in the #.A.C. correlation, is
.obtained by dividing thqgggpongﬁﬁ,;wt'by the exponent &,
from equation (2). The dorhespdrnding ‘exponent from the
NACA data 18 1.6, The agrasment betwéen the two sets of
data 18 very close and indicatés the probability of  goéd
instrumentation. . B ' -

. The usefulnsss of &ny cooling-correlation data 1is
_largely dependent upon whether or not the cooling require=-
-ments .of the englne, as predicted from the curvés, agreée

with-astual flight-test data. There have been freiuent'
dissrepancies between some wind-tunnel and flight c¢obling
correlations of engines other than the R-2600. For this
2pdason 1t may be of particular interest to ecompare. the:-
cooling:correlation obtained during the flight tests 'z
with the cooling-correletion data of this report. - The«l
flight: tests vere carried out at an altitude of 5000 fewt,
80 question of corrections for high altitude does’ not
enter into the comnarison. The flight tests selected for
comparison were mnade with a Curtiass fan installed on the
engine. ' £

In figures 13 and 1l are shown comparisons of the
cooling-air pressure drons and rear-spark-plug gasket
temperatures for somewhat similar conditions, for the
f£light tests end ground-stand tests.

- i FPigure 15 is a direct commarison of the cooling-
correlation curves obtained during the flight tests amd
during the ground tests. The indicated horsepower 1s

used instead of the charge-ailr flow becausé the results

of the flight tests were available in that form. The
exnonent of the lndicated horsenower determined during the
flight tests was 0,60. In computing the flight-test points
for figure 15, howsver, the same velus as determined from
the ground tests, 0.59, was used 1n order that direct
comparison of the correlations can be made without resort
to computations. Use of the same value of the exponent for
indicated horsepower as 1ls used for Wy 1s legltimate.

Both the ground-test and flight-test correlations of fig-
ure 15 are based upon the average rear-spark-plug gasket
temperaetures rather than upon the average of embedded ~
thermocouples. Figure 16, showing hottest rear-spark-
plug-~gasket temperature.plotted against average rear~
spark-plug-rasket temperature from the ground-stand test
data, 1s included for convenience 1n mallng calculetlions.
A cheok of similar data from the flight tests shows very
good .agreement with the ~round-test data of figure 16.
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It is seen from figure .15 .that at. the higher values
of o0Ap the difference between the two correlsgtions
amounts to about two inches of water pressufe drop. At .
lower values of. ocdp the difference between the correla-
tions is less, and the two, lines wqulil Ilntersect.in the
neighborhood ‘'of % inches.of water pressare irop.

The comparisons of Jdata in figures 12 ani 15 indi-
cate that, although. good agreement may be reachel between
different ground-stsngd correlations of similar engines,
disagreement still exists between ground-test ani flight-
test data. Although the flight ani grouni-test pressure
drons are of the same orider of magnituile, the 20-percent
jifference is enough: to.account for failure of ground-
stand correlations. to »redict flight verformance. Tt has
been suggested that. iifferences in instrumentation are-
resnonsible for the disagreement, since good instrumen-
tation for flight testing 1s more difficult than for
grouni testing. It anpcars mors »robable, however, that
other factors, such &s large differences in Inflow pat-
tern, may be contributory.

EXHAUST-VALVY COOLING TESTS

Since one of the chief difflcultles encountered with
this engine installation in service had been fallure of
the. exhaust valves, a rather extenslve lnvestigatlion was
made of the cooling of the exhgust-valve crown and the
reglon in the. vicinity of the eéxnaust valve.

e thods_

Cylinder number 2 was chosen for flie exhaust-valve
tests because of 1ts accesslblliity. TIwo different gen-
eral methods of cooling the valve were trled, namely,
Internal coollng by var;ing the fuel-air ratio, and
externsel coollng by meens of directed alr flow. 1In .

. order to get some 1dea of how much valve cooling was
possible by external codling, one serles of tests was
made with a water spray directed over the cylinder. The
water spray was conside"ed to be a more drastic method *
ol external cooling than any method which couli be used
in practice.
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Because of the known behavior of the enyine tem-
peratures. when .the..fuel-alr- ratio 1s varled (shown in
fig. 7, and demonstrated in dJetall in ref'erenceg T and

% 1t-was belleved that leaning of the mixture beyond -
the stolchliometric might afford an easy method of cool-
ing the valve without recourse to redesign of the cyl-
inder or valve. _Accordingly, tests were maie to deter-
mine the valve temperaturea throughout a wide range of
fuel-alr ratios ani to see if the engine could be oper-
ated satisfactorily at crulse power at-the mixtures nec-
essary to cool- the valve.

T™he tests were conducted at-a standard crulse power

. for the engine (1975 rpm, 150 bmep). The torquemeter
.reading at the normal crulse setting was first established,
then the fuel-alr ratio was varied from rich to lean.

The torque was maintained at the. standard cruise value

by varvying the manifoli pressure. 4 later serles of iests
wag made, using first stanlard baffles and then a set of
ducted baffles-on the cylinder with the tihermocouple
_valve lnstallation. .

The ducted baffles that were used were similar to
the baffles that were adonted during the fllght tests
wlth the exception that only the zide baffles vere
'used, in conjunection with the standard ton baffle.

The water spray nozzle-at the front of the c7 11nier
was made of 1/l- inchi-diameter conper tubing with Tine
holes-drilled along 1ts length. An effort was maie, 1n
the design, to obtain a spray that would direct a 1arger
proportion of the water to the exhaust 8lde. :

Exhaust Valve- Cooling Results

Results of the fuel-air ratio” tests with staniard
baffles, and the results of the water«spray tests, are
shown in figures 17 and 18. Figure 17 shows the
exhaust-valve crown température for cylinier 2, and the
engine brake specific fuel consumption and menifold pres-
sure, plotted against engine fuel-alr ratio. The tem-
peratures of the exhaust-valve seat, -exhaust-valve gulde,
and rear-spark-plu; gasket on cylinder 2 are shown 1n
figure 1S. The data for the water-spray tests were
obtained by turning on the spray 1mmediately after
obtaining the data for the points on the curve at the
same fuel-air "ratio.
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. It 1s seen from Iinspection of figure 17 that the

exhaust-valve temperature was lowered about §5° F when
the engine fuel-air ratlio wds leaned from 0.065 to
0.0575. There were no adverse effects on fuel consump-
tion. The manifold pressure had to be ralsed from about
32 Inches of mercury to about 25 inches, In oriler to
maintain cruising power.

The other measured temperatures, shown in flgure 18,
were also lowered when the fuel-air ratlo was lesgned.
Comparison of the temperature data of figures 17 and 15
provides & gool example of the relative values of inter-
nal and externsi coolin.. The exhaust valve 1s lnside
the cylinder and 'is therefore. affected greatly by inter-
nal cooling (in this case, by change of- fuel-asir ratio
and consequent change of t,). The rear-soark-nslug gas=-
ket, the exhsust-valve guige, ani even the metal nsear the
exhaust-valve gewt, on tixe other hand, are most easlly
influencei by external coolin; For example, a fuel-
air ratio chan e from 0.065 0 0.0575 (engine) cooled
the number 2 cylinder spark- nlug gcasket only abqut
25 F and at the same time cooled the extlaust-vsmlve
crown 350 F. The exfernal .cooling by the water so nay,
on the other hand, lowered the temneratares of the rear-
snark-nlug sasket, exhaustrvalve gulie ani the metal
near tac seFt about 1400 F and at the same time had
about the sarme effect on the exhaust-valve-crown temper-
ature as tine fuel-alr retio chenge above. 1he-conclu-
sion to be dArawn, then, was that (barring iesign changes
In the cylinier heanl ani vdlve) changlng the fusl-alr’
ratic 1s theé most effectlve practical means for contrel-
ling the exhaust-valve temperature.

As might be expected after stuldy of the foregoing
results, attempts to cool the velve externally by use of
the ducted baffles were not encouragling. Although the
directed alr flow reiduced the tenperatures at the rear
of the cylinder and in the vicinita of the exhaust valve,
no appreciable cooling of the exnaust-valve crown
resulted. Consequently, no data from the ductel baffles
are presentei In this report.

Mlxture Distribution

The verlation of the iniividual rear-spark-plug-gas-
ket temperatures with engine fuel-sir ratio is shown
in figure 19, with the test polnts omitted for the
sake of clarlty. If the fuel-air distribution
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were uniform, all the curves shoull peak at the same
point e2long the abscissa; the vsriation in the input
fuel-air ratio-at which peak temperature occurrei is
an indication of the fuel-agir distribution. "Tié éurve
of average temperature of all 1) cylinders, Jrawn as
the deshed line in the figure, peaks at about 0.067,
and 1t 1is prdbable that the fuel-<alr ratio of -each
cylinier wds in the nelghborhood of 0.067 at the point
of maximum temperature for that cylinder.  Cylinder 2,
with the thermocouple valve insta11ed, showed 1ts tem—
perature peak at 'an engine fuel-air ratio of about
0.066, indicating that the cylinder was.running '
slightly richer ihan the aversge; that is, the actual
fuel-alr ratiq' for cylinder 2 was 0.067 at the point
of pga%GZemperature,'whereas the input: fuel-air ratio
was .

Y

Operating Consiierations

Engine operation at fuel-air ratios as lean as
0.056 was smooth and steady. The engine has been oper-
ated at 975 horsepower at fuel-air ratios a= lean as
0.0535, although there 1s .gone unsteadineas at that mix-
ture strength.

-

Present serv*ca carbaretdr settings Sfor this”

engine are arranged so that t.oe .carburetor will me ter
between tne 1imits of (0,065 to 0. 065 in automatid lean
setting. Eviient13 theu, " the engines are beélng oper-
ated in a range of fuel- air ratios where maximum )
exhaust-valve-crown temperatures occur. Assuming, then,
that 1t 1s lesirsble for the sske of éxhsdust-valve cool-
ing, to run the engine leaner than present practice per-
mits, the following discussion has been prepared to
suggest some changes in operating technique Whlch
althou&h swall, are important. - i _

» . Mixture ae%ting,- The first point to be ‘emphasized
1 that settlni the fuel-glr ratio for best operation

1s an 1tem requiring corislderable precision. The pro-
cedure should not be coniemned upon the basis of man-
ual leaning tests conducted without ajequate 1nstru-
mentation or experience. It is believei that an auto-
matic setting must be proviied in the carburetor, so
that the "superlean" setting 1s reached without .
requiring delicdte manipulation of controls. According
to the Adata presented herein, the optimum fuel-alr ratilo




18 _ ¥R No. L5L18

is somewhere in the neighborhood of 0.056 to.0.053.

This value .provlides 'a.mixture rich enough for stealy
engine operation, but laan enough for large cooling

effects on the.exhgust valve., . :

Changing power.- As shown in figure 17, the man-
1fold pressure must be increased to obtain rated
cruise power at-the lean mixture setting. Normal
procedure, in order to avold posslible detonation while
the mlxture ratio 1s belng changed through the region
of maximum detonating tendency, should be .to reduce
manifold preéssure and rpm to cruise power, set )
the carburetor té "superlean," then. increase manifold
pressure until the powér loss, due to leaning the mix-
ture, 1s recovered. The reverse progedure should be
followed when changing to the automatlc rich setting;
that 1s, first reduce manifold pressure, then set the
carburetor in automatic rich, and finally increase
manifold pressure and rom to the deslired powsr.

NUMBER 3 CVLINDER COOLING TESTS

During the flight testa, the baffle revisions amd
fan 1nastallation reduced the temperatures of most of the
hot eylinders of the engine. DBecause of the position of
the  number 8 cylinder (normally one of the hot cylinders
already), 'it was not possible to accomplish any appreciable
improvement in the cooling of that cylinder. %he oll sump
dlrectly behind the cylinder restricts the cooling-sir
exlt to a very considerable extent. The position of the
sump also prevents use of the ducted baffles that were
developed during the flight tests. Another contributing
oause for the tendency for number 8 cylinder to run hot
during cruise condltions may be poor mixture dlstribution
at crulsing fuel-air ratio. Because of the fasct that the
baffle improvements reduced the temperatures of the other
cylinders the number 8 cylinder was the hot cylinder when
the speclial beffles were installed., Therefore, the pro=-
gram for the.ground tests lncluded attempts to improve
the cooling of the number 8 cylinder,

A number of devices were tried in attempts to
improve, the cooling, Including the followlng: turbulence-
creating baffles, elimination of coollng-alr-exit
restriction by redesign of the exhaust stack to enlarge
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the space between the atack ani the oil sump, instal-
lation of a fdiring on the upper part of the. oil.cooler,
and removal of the baffles on the cylinder. Use of
sveclal ducted baffles .was regariei as impracticable
because of the cramped spaee. T o -

of all ,the devices that were tried only the
removal of ‘the baffles. gave results that were .in any
way encouraging.- . . . .

Because of the poseibiIity that some'pdrtions of
the cylinder might bs .affected.unfavorably by removal
of the.baffles, thermoccouples were ingtalled at the rear
midbsrrel, exhaust-valve gulile, exhaust-valve seat, and
exhaust-valve crown, and a series of tests at ﬂifferent
powers and fuel-air ratios was carried ocut. Flgure 20
shows typilcal. temperature data .from .this series of tests.
Because of the fact that the test with baffles.removed .
was carried out during the hottest part of the day, the
temperatures of the rest of the .engine 1in general were
higher than they were with the number 8 baffles in place.
The effect of the baffle removal is, howsver, guite
apvarent. A striking feature of the data wss the reduc-
tion of the rear-midbarrel tempersture-that was prnduced
by the baffle removal. ¥lth the bhaffles in place, the
rear midbarrel was running at #31° F. This temperature,
though nct crltically high, 1s certainly in a range
approocniir the critical point. Removal. of the baffles
cause~ e reduction of 379 F in _the temperature, even
wilithout covrectlig for. the effsct -of bthg higher cooling—
alr tempersatirs when the befrles were off,

Thae clher uemperafures about the cvlinder, such as
exhaust-velwc crown, .exhaust-velve seat, and exhaust- |
valve guidn, hoveﬂ miror reductions 1n temnerature but . .
the «ffcctt were rov consldered important. In no case.
were any oS¢ ihe temparstures lneressed by removal qf the
baffle-.,

IV sanuld be pointed out that, although removal of
the baifles from the one cyjlinder proved to be a quick
fix, removal of the baffles from .all -cylinders would be
definitely detrimental.

LI
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CONCLUSTONS

1. The cooling characteristlics of the engine deter-
mined during these tests showed very gool agreement with
the Wright Aeronautical Corporatlion correlation of an
older model R-2600 engine installed in.a torque stand.
Cooling requlirements in the cruise renge as predicted
from the ground tests were about 20 percent less than
that determined from flight testa. :

2. At cruising-power conditlons, when the fuel-
air ratio of the R-2600-22 engine was changed from 0.Q65 -
to between 0.056 and 0.058% :

a. The temperature of the number 2 exhaust-
valve crown was lowered 850 F. All other engine
temperaturés that were measured werse also reduced,

b. ﬁhe brake specific fuel consumption was
unchanged or slightly reduced, and the. general
engine performance was not affected.

c. The manifold pressure had_ﬁo_be Increaesed
by about 10 percent to meintain cruising power,

d. Thils conclusion should apply equally well
in principle to any other engine that is operated
at lean mixtures for long-range crulsing, provided
that the mixture-distribution characteristics of
the englne are good enough for satlisfactory opera-
tlon at the lean mixtures recommended.

%3« Endurance testing should be carrled out to
determine the effects on the physical conlition of the
engine of operating at cruise power using a fuel-alr
ratio of 0,056 for an extended period of time.

. In instences wnere redesign of the cylinier and
valve 1s not practicable, exhauste~valve cooling troubles
can be more readlly relleved by means of Internal cool-
ing then by external cooling.

5. For thlis installation, the removal of the baf.
fles from the number 3 cylinder reduced the temperatures
at the rear-spark-plug gsasket, at the rear midbsarrel,
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qn5 at'thq-baae of the c7linder. None: oi the meaaured
,btemnenatures wers ndversely affected. -

e ———— -

Langlev Mgmoriqi-AeronautLpal Laborabory ' :
National Advisory Committee for Aeronautics
Langlgy Eield va. - . .o
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS Table I Master Dete
Engine make YWright | Blower imp. dia. Llin. . make Cyrtgs | Carb. model PRABAI | Fuel Spec.No. ANE-28 [ Magneto make ;
Gaar retio, .06 1. 1?;:'; ; Make, Strombere | Grade 130 Amarican Boggh | Sheet lof 3
W.l R-2600-22 1006 1 No-;t‘..f blades Serial No. 343544 Serial Nos. RH.,5-1998 h Test of
No._ 426724 Mastar rod eylinders | Cuffs i1a L.H..T-644 . Wright R-2600-22
Prop.redrotio (617 Noa.l ond 7"; fan Curtigs No.l Oil Grade 1120 Model SF14LU- 0 ool g Corn
Comp. retio 69:1 Spark advence 20° Plugs L. S-87
Series _number — / / / / / / / / / / / / / / / / / RN N /|7 / / / 7
2 4 & Run_number 307 | 3021303 309|305 306307 13081309310 |31/ | 32| 3/3|3/¢ |35 | 316 | 3171 3/8 1 319 320|327/ 32323231 4/8 | 479 | 420| €2/
3 | v €] Date 6:23¢46:234416239416-23-446-2344|62344623-04 6234|6332 (623446 3446 23 M .24 486-24-3¢| 6 0 46 44415 X-44\6- M #1 62444\ C20 462044 |G 927 18- 71044 21544 | 7/15
4 |5 Time EWT | P Pllpm [ PM [ P | Py PM | Pr | o] Pm | P | P [ Am | Am | M | AM | AM | AR [ anf | AM | aM | AA1 | A | AAT| AM | A | AAF
s Engine_spead rem 2000|2000]| 2000|2000 |2000|2000|2000]|2000|2000|Z7000|20002000|2200]2200] 22 00 2200|2200|2 200 2200|2200] 2200 22 00| 22002 Ooo| 2000| 2000| 2
[ Torque prassure b/in? 270 |287|28728712871290|283]283[278]270(240|205(3/01332|347|327 (357 |349| 3¢7| 335].320| 3/0 | 280| 285] 285|285 285]
7 Brake power hp. 664 | 706|706 706 | 706713 | 696 | 696|684+ 664|590 504|838 896| 939 939 9¢9| 944|939 506]| 866| 838 758| 707 | 707 | 707 | 707
s § [ Friction power hp. /47 | /40 /39173917381 /391739 | /38 (/38 /38 (138 (/38 | 77¢ 772|773 [172(772177/ | 7727 | 770770777 | 7 77 (747 739 |/38 /38
9 | Y 5| indicated power hp 805 | 826|545 845 84¢#|852]835 |834|822(802 | 7.28{692 [/0/2 10707142 | 17777/20|7174 (7709|7076 /036|7008] 928| 842| 840/ 83914
0 l= g Blower position Lowy | Low | Low | Lowy [ Low | Loy [ Loy |Low |2oW [ Low | 2ow ] cow| Low | Low [ cow | rom | zow | Low) zowicow [cowlcow [zomw | zow {zow [ cow |20
] ,j ol Mixture control FRE|ARF | AR | FR- | £R- | AR— | AR— | AR | AR-| gt + | #e-|ge~ | Aot | ARy | FR | FR- 4R+ AR N ar-ate | 42=1 a2z as- | Fre| AR | cor |aR Y
2 o Cowling tlop pesition OPEN | OpEN | GPENY| OPEN|OPEN | OPEN | OPEN|ODEN | OPEN |OPE N | OPEMOPENOREN | OPEN | 0REN |OREN | ORER 0PN | OBENY) DPEN [ORENIOREN | OPER| OPEN|OPEN [OREN | OoEA
3 Blovwvar rlm pressure In. hg-abs |27/ 12722701270 |22/ |27/ |26.9]|270|270|270 |270 [ 270|30.0 30.0] 30.0] 30.0|30.7 | 300| 30.7 | 30.0| 30.0| 30.0|30.0| 28 0| 27 5| 2723 |27
4 Comp. maetering suction inH,0 |74 | 72 |67 |63 |6/ |6/ |53 |56 |54 (55|56 54 |/(24]/2.3(/27[/0819.5 92|97 | 8888|907 197 |87 | 7€ |77 |70
15 Uncomp, 1 " inH,0 1728 1726 |7/ |77 |70 |70 |65 | 6767167 67|67 /37 /29|/28/22|/23[/2.0\/4& |//.5|/1.5|28 |7/8 |82 |79 |72 |73
16 o [Venturi _suction nCCLg | 99|85 19089 [#7 |87 87 | 85| 82| S| EX|[ 8+ /163763767 [/55|75.3 | /48| 74.7 (/4.3 /€. 3726 |/26 /02| 9.5 |9.2 |&&
17 ] ¢ 2| _Carburetor_alr temp °F, BO0|82 | 82183 |83 [82 8282|8382 (82|83 | 85|55 5|86 86|85 |86 |87 (87 187|872 79| 78| 77|78
18 1 T 8| Char air_flow b./hr___5300| 5/80|5040| 5045 | 4950|4970 £970/48 954580, 4880|486 0| 4865|6620/ 662565956480 64206390 6370|6240 62406300 6300 5420 5250|5775 504
19 [¥ Qf Fuel flow b/hr | 50549/ | 445|228 39538/ | 350 | 343|324 |35/0 1280|259 7¢5| 680 670|570 | 522 | 475 | 450|473 | 390|3 79| 355|595 55| 575
20 Fuel = air_ratio b./hr__|/066].0946|.068¢|.0854].0798].0766].0704).070/|.0664,0636].0576|.0532|.1/25 |.1026|.0926] .088|.08+4|.07¢9.0773 .mg.a&&oaaa.om.lmo ./0.38].0996
21 ndicated specfic ofr cons. | 1bjihp/nr | 638 |6./3 15.97|3.93\5.8615.831595 | 5.675.946.08|6.67|7.58|6.62|6/9 |5.92|5:93\5.73 |5.69|569|5.80\6.02, 625 6.79 | 6.04, 6.25,6./7
22 ” n quel v b/ihp/he | .702| .$80|.526|.507 | 268 |+ K20 |4/ | 392|387 | 385 | 404|.736|.635| 5¢9|.573 | 466|426 206 276|.376].343].707] B/3

246 3 S49)
23 Barometric pressure nhg-abs | 298| 298| 298|29.8 | 29.8|288|29.8 | 20.8|29.8| 2R8| 288]25.5] 25.6|.29.6|29.6| 29.6| 296 |29.6[29.6) 29.6| 29.6|29.6|30. M 30430 /4|
3 8 88

SIS TER

384
29.6]

FZES Atmospheric temperature °F &4 |84 |84 |85 | 8¢ B2 83|83 |83 |5 84 |87 |56 |86 &7 [88 [ 88|88 5888 8818/ 1687/ 178
25 |5 £| Relative densi of air & _y ] | ] [ — [ — [ — [ — [ ——
26 S Average front-of-head press |in.H0 |— ] —0 | —|—for [ —] — | —foof | — | | (- || —T—T—[—[——1220[—12.72
27 [ reor-of-headpress [In.Hp0 | — o l——o]—— | —/ 1 [ — |0/ —| N1 -] | | —f_ [ —— T 1T _—T__"T_|7 —_—l-72
28 " head AP mH0 |—|— ]| — ] — | — ] — o — ] — e | | || — | — | [ —[ —[2.88] — 32«
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS Table | Master Data
Engine make Wright Blowar imp. dia. 1lin.| Prop. make Curtiss | Carb. modsl PR48Al| Fual S No. ANF-28 | Magnato make
nq!m rp. Gear r-u{'io':7 706 : 1 Typz Electric Make _Stromberq Grad‘P._I;_Q_' Aglerican Bosch Sheet 2 of 3
Model _R-2600-22 10.06:1 No. of blades 4 _ Serlal Na 343544 Serial Nos. RHS-1998 Test of
Mfg. No. 426724 Master rod cylindars | Cuffs Removed Oil-Grade 1120 LH 1644 Wright R-2600-22
Prop. red. ratio 16 Nos. | and 12 . Fan Curtiss Na.l EE— Model SFM4LU-10 Coaling Correlation
Comp. ratie 69:1 Spark advance_20° Plugs LS-87
1 = | Series number / / / / / / / / / / / / Y / / / /22l 2 e 2131313
2 |4 § Run number 422 | 223 (424 | #25 1226 | 427428 (429 |#42 | 443442 [ 245|445 (448 |49 |450 (457 |452[453 | 207|202 [403 [404 [ 405 454-'455'4.56
3 9 3 Date ————— (B AL| 8| 2/82| 1/ OAL| /S | F/8- M /844 11844 122 44 (1.2 244|72244|T2 244 7-22 4472 244 72244\ 2 24417.2 2 44| P2 244\ 72 2447244 1T 24-4R) 24 44 | 7 -4 4| L 2444|2254 | F2544-
4 F: Time EWT AMIAMNAM |PM|\PMIPM|PM|PMIAM| AMIAM | AM| AM| PAM | PMIPM{LPM|\PAINLPM|AM|IAMIAM| AMIAM|AM AM|AM
s Engine speed rpm. |2000|2000]20002000|2000|2000|2000|2000|2000]2000|2000|2000|2000|2060|2000|2 000|2000|20002000|2600|260012600|2600|2600|2400|2400|2400]
6 Toraue prassure b, /in3 1285 (28512851285 (285 | 285|285 (2852501267 2751285290285 [305]295]2851260(220[235|235123312331 2325001475 43_0_]
7 Brake powver | _h.p. 70/ |70/ | 70/ JOs | 20/ |70/ | 707 | 701 | 616 | 658| 676|702 | 7/4 | 7271 737|727 702| 640| £42| 757 | 78/ | 7435| 745 | 742 |/ 475 | /1402|1269
8 & [ Friction powraer h.p. /36.3 |/35°5[/35.6]/35°5|/3541/36.3|/399|/4 28| /22 | /42 | /42 |1¢/ |/#/ | /39 |/38|+39|/39 | /38 /29 | 258 | 25¢| 252| 252] 252|207|207] 207
9 § -'g Indicatad_powar hp 837 3| 836.5] 5366/ 836.5|836.5|836.3| 34098458 758 | 800|8/8 |8423| 855|866 889 866|847 | 778|687 |[7004|1005(997 |997 | 99476827609 /4£76
10 g‘ §_ Blawer position cow lcow|sow|comw | cowlcow | cowcory |Lowl cowtovw |cowLowlcowlcowliowlcowlcormwliow comliowlcowLow tow iow]cow cow!
1w & Mirtore control FR JARY |AR+ AL+ | AL+ AL [AL-{AL-|FRH |FRF|FRYFR+ [FRY AR AR-|ALr | AL+ | AL AL~ | FR+| FRE| FR+| FR+| FR+| ARY| AR+ ARH
12 Cowling flap position PEN| OPEN|OPEN|OPEN|OPEN|OPEN|OPEN| OPENIOPEN |OPEN|OPEN|OPEN O PEN|OPEN|OPEN | OPEN| OPEN | OPEN QPEN| CiosEp]tntor odiufe Sten s IOPEN |OPEN | OPEN| 0P,
13 Blower rim pressura inhg-abs| 270 |26.8 |270|270(27/ |278|29.3|31.3 | 260|26.2|26.2|267|268|270127.7|225127.5|226(274| 26 |26 |26 |26 |26 |42|40]| 37
14 Comp. metering suction in.H 0 66|57 |60l | 53|57 668267 66| 668| 6566|3536 57|55|56]5.06|56(03|/0¢]703|r70.4]703[200[25°2|22.7
15 Uncomp v " in. H; 0 7067 (6867|167 |7/ 83|02|7/ {70 7068|7070 |7/ |6.8]| 70|70 70 |/08]|09|/0.8|/0.9|/0.8|3/.5][286|22.9]
6 o 9 Venturi _suction inCCly [ 8.5(82[8.3[82]182(86[/00]|/124|84+|83|83185)185184|88|85(86(85]185]/3.7]|/35|/72.8[/72.6(/2.7|449|38.9|3a7]
17 |.£ $1 Carburetor air temp. *F 78 |79 | 78|79 |80 | sHG &0 |79 7 79| 78 {78 |79 (&0 8o [87 / 187 |80 [7¢ (73 73 (7% |76 |82 |82 |82
18 E‘ _;° Charge air flow lb. /e 50|28 65|48 80|4870(4870\4 9605370 (5960|4 940\¢£9/0 |4 9/0\4975|4975(4940\3060| 49753 X0 |4 975| 4925|6150 |6/85| 60801603 0{6030)/0324 9820|8890
19 |¢w Fuel flow Ib/lr . |440140413871359.133513/9]3/6 | 3221550505 (478 | 455 | 445392373 344] 320)|292| 266|595 5905|585 582|580 |/040] 975|890
20 Fuel- air _ratio tb./hr 10889|.083/).0793.0737| 0689|.0643|.0589].0540].//2 |./03 |.0974|.09/5| 08940794 |.0736].069/|.0636].0586|.0535] 0968|.0062 0946| 0965|0962 ./ooataW.ma/
21 Indicated specific_air cons. Ib/ihp /hr| 59/ [S:82(58¢#(582]|582|593|639|705 643 [6./4](6.00|5.90 582|570 570|575 5-96|6.40173/ |6.72|6.76 670 6.0516.0716.776.7016.02)
22 " " fuel " \b/fihp/hr | 526 | £83 | .462| #29| 400|.377].376|.38/ |.726|.632|.584| 340|.520|453 |£20]397|.38/ 375 .39/ | 592].592|.587| 584|.38¢]|.620|.606].603]
23 Barometric pressure n.hq.-absi30/4|30./4130./41.30./4130 /4! 30./14 30./4| 30./#|30./8 | 30./8(30.{81 30./8{30./8 |30.18 | 30./18L30.48|30./8|30./830./8130./1130,¢/130.¢7 30.71130.17] 30.00130.00{ 5 0.
24 t:r Atmospheric Temperature °F 78 |78 |78 |77 |78 |78 |78 |78 |76 77 |77 |77 77 |80 (80 |78 78 |78 |78 72 (72|72 12375 |&7 [&7 |a2
25 = | Relative density of air, & —_— || —— | — = ——|— | — | — | — | — | — | —— | 8742 9222|9721 9750).9732| .953|.958 | 9@
26 3 <[ Avernge Front-of -head press | in. Ha0 | ——|2./2 |— 232 | — | 2./6| ——|2.60|2.48|2.32 | 2.32|2.28|2.28 | 2.#8| 2.28|2.00| 2.5 2| 24K\ 2.28| .48\ £. 74| £.56|4.96 | #.88|3 32| 3. 93| 3.6 4
27 [0 rear-of-head press | In W30 |——1-72 [ —[-72 | —|-.68| ——|-96|560 |-68 |-68 |-.68 |=68 |-.72 |-68 |=72 |- 64 |=60 |=6€ |r.92 [*56 =€ £ | -84 |72« -2 402.0¢2.7.
28 u head AP inH0 | —|284| —|3.0¢4]| —|2.8¢ 3.56|9.08|300]3.0012962.96|320(2.96|332]|3./6 |3.04[2.92|3.56 | 438530 | 5:80| 6./.2| s 72[5£90|5-76
29 | & n head embedded temp. °F 394 (400 |4/7 [43/-]1439 |[4493 [426[403 [352]368 (377 [290 (393 [ 527 [439 |447 |+17 [4/8 [386 |00 |387 [37% |56¢ |360 |+27 |#22 |$/0
30 -§ -4 w v spk.plug gas. " ‘F 36/ |3723 [|384 (395|400 (407386364 13231{337 (347 (358364390 (400 (408 (4/0|38B4[35%|363[350]|338|329 [3a¢]|385|380]370
3t |5 §| Hottest amb. head T+cyl. ho. °F 429-//[443-/ (45811439 [468-1| 273~/ [452-/|438-3[380-/|397-13 704/ | 418-1|#23-%,|#58-1 | 4627|4811 |476-1 | £ $2-1| #07-1| 2241 | 4/5-/ | 40/-1]|391-11388-/|¢53-12]#51-1 354
32 |© ] ©  spk-plug gasT+eyl no *F 393~/140%( | 419~1 427~/ | 41.9~/| 437~/ | 4208|392 -8 |yT=t-136/-#| 373-/|385/| I D01 | $20/| 430} 440/ 4 19-8R23-81390-5(389-1|3725-/| 361-1|353-/|350-1 | 4061 #0%-# |39+
33 |. Temp. core Atg, ' °F. 724 |rag 724 /23 |726 (726 |/26 |125 |s2¢ |r25 |raer |r24 1r25 {s26 |726 {r26 |7206 [r206 |/726 |r63 |r62|62|r63 |r63 | r5a]rss {/5g
XS ] .g‘ _ta,. *F s0/4 |1a51 1051 11139 [ 11631176 [1119 |1043 856 [9051936[578]987 /099729 /760[7760[7065(967 (953 [958 977 [956 958|917 |93+ [929
35 > tq = tgy, * &tg F /38 |176 {4245 (1264|7289 (/302 |/245 |//768 (98O [r030 |7060 (1702 |1//2 |s2¢6 | 72557286 (/286 | /797 |1087 (1116 1720 11133 | 4119 [ r120 | 7081] 1088 | 7083
36 % (th-Ta) ATa—tn) e 492 422 492 ] r92 |t [ qea (. Foa| s . #92| 242 %22 577 (+# 7 [ 9/4 | 398387 [ 552|534 —507]
37
38
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NAT'ONAL ADV'SORY COMM'TTEE FOR AERONAUT'CS Table 1 Master Data
Engine make Wright | Blowar imp. dia. [lin.| Prop: make Curtiss | Carb,vmodel PR48AI | Fuel Spec.No. ANE2§| Magneto make
Aere. Corp. Goar ratia. 7061 _| Typa Electric | Moke Stromberg Grade _130 'Ag,,nggn Bogch Sheet 3of 3
M?J-l -2600-22 IO.IOO H N:{-‘ ;F blades % Serial No. 343544 Serial Nos. RH %—_{998 : " T\utRoFGw
Mfg. No. 1 ____ | Master rod cylinders} Cuffs Remcove il- LH,T-1644 : right R-2600-22
Prop. red. ratio 1677 Nos. L and 12 Fan Oil-Grods 1120 Model _S_Eﬁé.;)_io_ ing Correlation
Comp.ratio §.9:1 Spark advance_20°_ Plugs L5—
I-'%Seriesnumbcr 1 —— [ 313 [3[3 3 ]3]a]s]a s [3(3Js]Js [ ]r]+]s 2]+ 4
2 % &| Run number 457 £59 [£80 | €67 [ 462 |03 | L4455 (#6826 7 | 268469470 | #7/| 472 | #2723 | £ 74| 275 | 477 | €79 | €79 #20]
3 | %[ Dote - F25-44(7-25 AT 2540 20 $-M|7-25 A T2 |F A AL | AL T2 AL T2 2 SEF I AL 7 24 A 7204 ST AN 74407, [-2 823400234823 £
4 § Time EWT |AM |AMPMPMIPMIPMIAMIAMIAMIAM| A4 r|AM]| LA |PA|PM | PM [ Lrsl AX|AMIAM| AMIAM
5 Enaine Speed rom. |2400|2480)2400|2400\24002400| 2500|2500\ 2400|2300\12200\|2/00|2000|/900 /800 l/700 V800 |/500| 2200 2000//800)/8600|2
6 Jorque pressure b:/in2 | 400 3/3 (278[220]| /80| /47 | 462 |4/7 | 402 382|375 | 345|300 |272| 250|215 | /65| 7102|380 280| 225 /40|20,
7 8rake power hp /78118241821 | 650|332 |43 |/4761/280\|//87 [1082|/075 | 892 | 738 |6 36 | 554|450 | 325 [/88 /028|689 | 498| 276|500
8 & richon r - hp 08 1209 |2/012/0 |2/3 |2/3 [257 [23/|209[/89 /77 |r55(130 [r23 {770 (/00| 9/ |83 (775 [/38|/14] 904 [/38
9 2 -E Indicated povver hp /1389 (/733 (1031|860 | 745 (647 (1733 /571 |/396|/271//86 /047|877 [ 759|664 |530|4/6 | 320|/203|827|6/2] 370|638
10 KL Blovwer po#ition —————— |LOW |LOW |LOW ! LOW |LOW [LOW | LOVY |LOWY | LOW|LOW | LOKY |LOW | LOW |LOVV|LOW | LOVY|L OV LOW|LOW |LOW | LOW| LOW| LOW]
1 E g- Mixture control FRE| FRE | FR+ | AR+ | FRY | FR |FR | FR | FR+|FR*|FRF | FRHFRY | FR*| FRH|FRY|FR+| FRH| AR | AL | AL | AL | AL~
12 Cowling fla; ition ———— | BRENOPE N|OPENIOPEN |OBEN |OPEN| OPEN |OPEN| OPEN | OPEN|GPEN | OPEMOPEN| OPE N\ OPEN| OPEM OPEN| OPEN|OPEN | OPEN | OPEN OFEN
13 Blovver rim pressurs Inhg-absl 35| 30 |28 |25 (22 |20 [423(383] .250|33.0]32.030.0|28.0|270|26.0]| 240/ 22.0\200|32 |27 |2€ 22|27
4 ) Comp. metering Suction In. Ha0 /9.7 [732[7/. 483 |63 [49 |353[267[/9.7|/67/ |713.9]/0.68177 |57 |[#. 6| F£]2.//3 /77 [F3[32|/IF[F2
5 Uncomp.  » » inH,0 [/9.71/3.91/7.8|8.3 |66 |5/ (358 |224¢|/97|/6.6|/2.5(/7.418./ [6.0|4813.512.8]|/3 |[/39|60|4/7 ]|/ 785
6 8\ Venturi suction i CCLe [ 28.7(72.0 (/42170711 7.L1 356 (547 [ 372502665\2/.1 /8.4 /4.7 199 | 75159047 | 24/5 /6887 1471/ 75|79
17 | § 5[ Carburetor oir temp. *F 8218587 [87 |89 [92 |83 |83 |53 | B2 |85 |85 |87 |87 |88 |88 |69 |89 | 79 | 8o |80 | 8/ |87
g ]2 Charge_air tlow lo/hr [B370]63/5 | 6270|4370\ 4570|3950011120|9640| 8330|7520 706 0| 6260|3270 [4590| £/00| 34302626 2/00| 6 82014 87536002270«
19 iS5 Fual flow Ibfhr | B30 [680 [630 [ 532 | £50 | 400 [/124.8]/062| 828 745|208 | 628|325 | 258 | #/4 | 3¢£] 262|270 563|377 |242] 76/ | 256
20 Foal-air ratic 1b/hr_ 1.09921.0997./004109921.0985|.0987|.4/2 0|./100|.09941.099/|.700 |./00 | 100 L 0998\./0r |./0¢ |./00 | ./100 0826 ﬁ.oag.om 0439
21 Indicoted specific air cons|Ib Jihp/he |8.021602]6.02|625|6/3 [6./0| 6.42|6.38| 597|592 95| 89| F9¢| 6.05]6.08|6.23|6.3/| G56]|567 | 582 [ 6.03 6.3 | 744
22 " v fuel = b/iholhr | .598].000 .64/ |.6/8 | 604 [.6/8|.720].703|.593]|. 586|507 |.600|.599]|.603].02¢|.626|.630|.656|+68|.383|.395|435) . €0/
23 Barometric pressure In. hg-abs |30.00{30.00136.:00130.00|30.00|30.00| 30. /0| 30./6130.40 | 30. /0] 30./0| F0. /0| 30./0] 30./0] 30.10] 3040 30./0 |30./0| 30| 30. M 34 40| 30. /0.3 /0]
24 T Atwospheric temperature F 83 |85 186 |87 |89 |90 1] 83 !4_* 85 |85 186 187 881888980 8888|7979 (&80(80 ] 8/
285 | .2 & Relative density of air, & 950|594 £| 04 £(.922| 942194 42].953].953].953|.953]|.953]. 952(.950|.950]|.050] . 0€7| I47|. 97| 958|958 |. 955|058 .95 4
26 | 2 < Average front-of-head press| in. H0 [280| £00|388[4.00 408 |£/2 [£5L|4 56| 3.80 | 344]2.96|280]2.52|2.36|2./2 |/ B8]1.5217.36| 3.08| 240 /.88| /48[ 2.8,
27 'S con rg_gr-ol‘-gadm‘ Jo. Ha0 /.88 |~/.56 -1 48 H4241=96 =96 |-228/2.00-/.96 |-1.88|-/.60|-/56 |-/ 28]-/./2]|-96 |~76 |=56 |~Fz|-//2|~72 |[=s2|728 |~ 60
28 u head AP inH,0 |£76]556|536]524]504]5.0817./121656|576 | 532 4.56|436|3.80|348]3.08|2.64|2.08|/88]4/6]|3.72|1240|/.76 .08
29 _s _L—"m‘Mi!‘{ °F 408 [ 380 |369 [356 (349 [339 [395 [395( 40/ [392 |389(380[376 (3651356346 |33/ [3/3 [445]|448 [#251383 [392
3013 1 n_ »  spk, " 3 3673473320323 [3/8[3/0 [357[328[364[357[354[346[341[333[327[377[3049[287[408 [#01 |397 354|357
3i 3 Hottest emb. head T+cylno. | °F 430-1| 4071139813851 3781|3701 [420-1| #19-1] 4271 41 7-1|479-1 | 041 #02-1|395- 1 302-1| 3723 -7| 36 31| 351-114#73- 11| 478 -1| #38-] 229 -1 [#/4-1
32 g w  spk, sT+eyl. °F 389-1| 37/-7 |356-1|389-1] 3441|335 3791 3251|386 1| 3794| 376-/| 36743651 3597|3494 341-1|333-/1322-/|433-8|137-8 |419-83|393-] |39x-8
33 Temp. corr. A[g 1. ) °F /5% 1576 156 | 158 |t59 262 |770 |767 [r54 (748 | 742 |4136 [ 137 (/a5 |70 |ss5 | 210 706|737 (/26 |714 [/O4 (726
34 j j t K *F 925 @31 [9216 935|940 [938 [648 [859 934 |93¢ (930 (930 930 931 [929 |930 (930 (930 {/065]| /168 |1/169 [1147 |995
35 Ky tq * tgp + Atq 3 7089 (/08870847093 109917001018 [7020[v088 1084 [/072 1066|067 | r057[r049 1045 r000[ 1036 7202 (1294 (1273 (7257 {1124
36 (th —tal)ftga—th) ——— | 496 |. 31| 4 [. 384 360[.340][. 523 ].%94] #7808 . 462 46/ 245 . F38] . 477 | . #0/[-387].355].323].486].438 | .408[ . 350[. 729
37 T s B i :
38
39
40
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Table II

Cylinder Temperatures

Eingine moke Wright | Blower imp dia. H) Prop. rnake Curtiss_ | Carb.model PR48A| | Fuel Spec. No. ANF28| Magneto imake Equation (2)

_Aero. Coro Gear ratio, Type Electric Make Stromberg Grade 130 _ mericon Bosch Dtg= 8[t°+lﬂc )1] Sheet | of 3

Model R-2600-22 sZQQ No. of b|ades4_ Serial Na 343544 Sarial Nos RH,3-1908 Test of

Mfg. No. 426724 Master rod cylinders| Cuffs Remwoyed Oil ~Grade 1120 LU T-1644 | Weright R-2600-22
Prop. red.ratio {6:7 Nos. | and 12 Fan _LCurtiss No.l Mode! SFI4LU-I0° Cooling Correlgtion
Comp. ratio 69:1 Spark advance, 20° Plugs LS 87

i £ | Serias number / 4 / / / / / / / / / / / / / / / / / / / / / / / / /
2 L &| Bum nymber ——— |30/ |302)303| 3041305 306|307 | 308 |309|3/03// 13/2)3/3 3/4 3/5|87613/72|3/8 |3/9 |320 |32/ 13221323 | /8 |4/0 | R20|42/ |#22)
3 '1') *E Date (623-4416.23-4416:2344(623 44623 #4|6:230416.2 3446234462304 62344623946 344624 &24 52 2440624441624 44624446 2434624446244 62844778 44 77/8 4471944 242/8.44

4 3] Time EWT |50 11742 |57 | 2566 | d | 2:2%| 20 | 2as |28 | Jae | g |57 | aee | 5v37 | 0y 3:3 FE AL AR AR PP AR A E AR A ARSI AR
G T Pyt : F J70 | 707|420 | A28 |43 |95/ | #5&| #07 | BE5| 467 | 257 [FE 2| FOZ Z ) TLAO| IS 7| GO/ | 475 | FET | AET | A FOG[wU=] s | %2
7 2 - 340 | 37| 386 | 396 |H/0 | A/S | L20 | H2L | L30 |F2E | FOB| 592|357/ | 374|397 |L/0 | 32| F¥3| A5 HL63 | H63|As50| 28| 3327|353|360] 370|386
7 3 F 3357 | 387 |F00 |409 | H26 | 233 | AL/ | S| ASH| IS |37 | /7 | 567 | 387 | HA/0 |R20|2€/ | 25| HO7 | 273 |78 |#67 923|353 3606]368] 380]305]
[ a2l °F 327 | 359|366 (2725|387 | 393 | X0/ | LO3 ([ FX/2 |#/2 |JO7 | 397 |33/ | 350|372 [ 38/ | RO2|#/C |F33 FLO FL7 | AL2 | FL27 | 326 | 34/ | F£2] 353[366
9 5 F 335 | 367[379 |g89|Lo3[woo|#/7 [ #az|a3/|L32]|arst|200 ] 353([ 37/ | 3905 | #0225 F38| 50| L 56| LE0 | <428 L29]|336]| 346|348 867 S
10 [ -* 327 352366 [3724| 8388| 393 | o0\ HO0L | F/3 | /4| F99| 786 (336|3521377 | 382 |0/ |H2/3| 227 | #2237 | A30| <2/ 3| 327|337 |333| 345|355
1 -8 7 F 340|366 (379 | 386|#02 | L06| /5| H22 (428230 | 204|392 |36% |38/ |stoa| 20|23/ |gs0| L5/ |59 50| Ae7| 2530]| 345| 355 35| 366|385/
12 0 8 ' 342 369|382 (388| 40/ | L0L| /3 |F/Q |H25|L27|399 |88/ | 364|385 | #// |2/6 | F¥0|dat7|A62|47d|L80| 267 | 243|353 365[36«]|378]39/
13 -g 9 3 3531 380|394 | 398|#/1 |£/5 | 223|928 | 232 |£32 | A0/ | 383 | 380|398 22|23/ |ws5/ (460|270 | 283|472 |#60| 2382 370{ 383 |379]| 395 #as]
14 Q 10 F F29| 354|566 (3722|385 357|39H| K00 | LOZ | LOL| IE2| 563 | 354 | 87 | HO2 | A /3 |37 | FLL| 255 | LE6 | 2S5/ 239 |F73 | 347|367 |356]375 723
i5 ¢ ] _F 356|384 307 | 20| #/5 |18 |F27 |43/ | 237 | 428]| T 92| 568|379 | 3595 | 927 |#39|459|FC0| 69282 #63 449 F23 | 585 | #04|£07 | #22| 29
6 ul 13 °F 352|378|3689 (397|407 L0 |L/19 |F23 |22 |H/2 | 377|352|363 | 982|407 |4/8 |43 (450|260 |268|a7!436| 477 |370| 388|389 #209|4/2
\7 i3] F 37/ | H00| 2/0 |f22| 23/ |L36 | F23 |26 | 226|239 | 20| 378|383 | #02| 428 | 238|258 |LEL| 72 |283 | 268|453 | L3038/ | 398 |03 | #/9 [#£23]
18 14 °F 3¢6|372| 38/ (389400 | god| 08| L3 |26 |21/ | 388|364 355 | 276|200 |2/5 |#33 | 2423|0576/ |L50| 236 |t/7 | 353|360 (377| 387|292
t9 Average *F BEC| 37H| 387 | 39| F07 | g/2 | F/0 |28 |H20|R28| H03| 384|362 38/ |FO5 |75 |£36 |LLE | 957 |ACE |6/ |dg/ | 29| 253|568| 370 984|794
20 )

21 8 Cylinder number | *F 337|368|.382 |39/ |d0 |£/0 | 4/8 | 420|423 |#£/ 7 3901870325366 |388 |L00 |4/4 |L26 |36 |L£LL][L39 |425|#£06]|350]| 362|363 (3801393
22 |y 2 °F 31| 340| 35#| 363|37¢ | 379 [ 385|380 |39/ 389|377 35'_7 3/61339136/ 13721389 (403 2/2 |£/8 |#£/9 |406 (3861309 322]|324(339]357/
23 |5 3 F — ———— — | — — | — | —— —— — [ — [ — | — — [ — == — [ —[— ===
24 |- » 4 °F S04l 330340349 386/ [ 366( 372|372 (887 (3821377369 |305|326 |345 |35/ (372 |389|398 [£00 |«£/7 |409|392 | 304| 3/6]|3/9 |33/ |3¢#0
25 4 } 5| °F B//|340[3531362|576 | 380|388 392 397 |¥00(3IB2 |37/ |324 |3¢+5[366 1373|393 |08 | #/6 |22 |#25 |L/2 393 | 308|3/7 |324|336|3#5]
26 |X|w 6 ‘F 293|377 [ 5328|936 3¢9 353 259|363]| 368|372 [ 355346 2/9 [3/6]| 3891342 359].373[380]|389 390|384 368|287 296{303][3/3[327
27 Wl g., 7 °F 3/0| 333|345 35/ | 365|370 (376 | 382 | 3861 388 | 305|355 | 825 | 342|365 377 (389 |40/ |05\ <2/4 | L/3 | £02(386]|309]|3/9 | 324|334 |34]
28 | 8 *F 327]| 352|365 370 985|388 384 |40/ | 406|407 | 382 | 366 | 324 | 364|397 | 397 |4/6 | 230|437 | L5245/ | F4L| 424|337 | 348]| 354365375
29 z EY 9 °F 316 | 339 | 357 355|368 | 5369 | 376 | 382|385 384 356| 3¢0[336| 3533727352398 |2/3 [£20|£33| 420 |209| 39/ |328| 34/ | 344|257 (363
30 | &, 10 F 300| 324|335 | 34/ | 352 354|360 (3066 | 369 | 367 | 3¢ 7| 327(320]337]| 3691375 (393 405 [4/2 |22 |#/0 | 395|277 520|330 [ 83/ [337] 357
31 l—- ..“l_ X *F 324|349 59| 367| 377 | 378 | 385|390 |39/ | 383|352 | 330 | 340|360| 387|393 | 408 |4£/7 | 424|434 |#/7 | #£02]| 38/ |356|368]| 3663851392
32 w §_ 12| °F 32| 345356 | 362| 373 [ 376(38/ | 384|384 | 374 (342379 | 327|345|372 | 377 |395|407|4/6 |423|403139/|377| 349|358 | 350|370[379
33 = 13 °F 337| 36237238/ | 390 | 394|399 | 40£| 403 | 596|365 | 340| 345362388 | 3294|470 | 420|230 436 | 420 |¢208| 389 25%| 5367]| 362| 38/ | 387]
34 |— E 4 F 38| 340|350 358| 367 | 3703751 3793823771355 |332 (324 | 343(368 (376|394 | 407|417 |£22 |4/0 |398|5379 | 324| 3¢0| 339 355|359
35 % &) Average F 3/6| 3¢/ |2353 | 360|372 | 37638/ | 386|389 | 387364 348|327 346|370 (377|794 |£07|</5 |224 | 4/7 | 2061 388]| 327|337 | 338(352(36/
37 |W Cylinder number \] °F — | —]———T——]——[—]—]—]—]—{———[—[—]—[—]—=—[—[—[253] 256|255 [ 260 | 264
ET) 2 F 223225227 224|227
39 3 of 2F6| 249 | 247 | 249 | 25+
40 4 *F 222|225 1227 (227 |223
41 5 F 2SA A58 1253 12571260
42 6] ‘F 2/3 |26 (2/6[2/8[2/9
43 7 f 247 |—— 250 |25« |25
44 3 8]_°f — ]
451 |8 S{ °F 239 | 244|242 245|240
46 10 °F 229 233|228|22¢|2.35)
47 11 °F 2572|259(254 (258|263
48 12| _°F 240 |24/ | 235 |24/ [ 228
49 13 _°F 242 243 238|243 |28
%0 14| °F 229|230 (227 |226(23/
) Average ‘E —_—_———_—]—_——l— | ——— [ — ] — | — | —— ] — | — [ — [ —] — [ —] — | — | 238|239 [ 237 ]| 24/ [ 243]
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Table T

Cylinder Tamperatures

Engina make Wright | Blower (mp. dia Ili Prop. make Cyriiss Carb. model PRABAI | Fuel Spec.No. ANF-28 neto make

Em Genr ratt 2061 - _Ty,,f Elegtric. Make _Stromberg Grade 130 ?(':in-m Bosch Shest:g of 3
Model _R-260¢-22 10.06:| No. of blades 4 Sertal No. 343544 Serial Nos. RH §:1908 Test of
M‘f9. No. 426724 Master rod cylindsrs| Cuffs Renoved Oil- Grade 1120 LHT-1644 Wright R-2600-22
Prop. red. ratio _16:7 Nos- ! and 12 Fan Curtiss Noi Model SFI4LU-10 rrolat
Comp. ratio 69 :1 Spork advance 20° Plugs L5-87

! 2| Series number / / / / / / / /- / / /- / / / / /

2  |-RBun nurmbgr £23]| 424|425 | 426|427 1428420 | 442 [ 443|444 445|346 | 448|449 450 L5/

3 'E ¥ Date (A4 7/ EAA T4 M7/ S AR TIAL7/ 2447 /5 447 22 4872244 1:2 24472 72)4%447-2’2 A7.2244

4 L Time EWT n‘i /owe | 2707 3:31 é;_? zisﬁ_f ,4”).{ 3138 9.-7’ B oy /:.-5'1 730 | /4o | 2:8 —a‘.:?r

Fd | Cylindar number °F 43| A5G |HSO| 6L 73| 252\ 423|370 | 393| Hot| /8| F23| 55 ¥57| 28/ | 76

[- 2] °F FOO0 | #O0 | £76 | 26| 43/ | A/ #]392] 334355565 [378|380| £7/| #20| L29| 34| #0C| 377|377 | BGB| 35 6| S#8| 3#3|#/5 |7 28| #72

7 *F S0 | 4/8 | #39 | AH9| F 59\ L 47| 238 | 3F9(| 370|380 | 392|394 | £33 [F5/ | A58 #65|F#38 | HO5| A /6| woe| 397 | 302|376 A0 | £/ | H28] #£22

B 4| °F 380|387| £02 | L/2 | F23 | @23 |#0f| 522| 338|347 | 360|536/ 397 | d/0| #77| 426 | #72 | F54|386| 37/ |36/ | 350| 345 20|43/ | R /4| ¥ 20|
9 S| °F 368|396 | #20|#3/|F39|#29| /2| 335|357/ |364£]|376|360| 473 | F33| #35|F<23| #20| 290, 4085|392|382| 370| 364| w0 396] ¥00| 398
10 - 61 °F 368|377 | 20/ |/ | #20| /7] 398| 32/] 334 F46|358|362] 392 |A/0| /6| 423 | 204 373382 67| 355 | 345| 340 395|348/ 578377
1 o 7] °F 392| Fo/ |27 | R3S\ RS/ | #30| F/0 | 24| 35#| 365|378 | 580| #/5 | #32| 239 | FdL| #20|390| #0/ | 364|370 | 360| 25/ | €00| 382|365 38
12 % 8| °F 398 |208| 435 | AL A L LE| 239 | 08| 360 369|387/ | 395 | s00] 232 |Ax8| A5 t62 | H39| F0O7| OO F86] 372 363|955 | w25 #/3 ] #o/| 0/
3 @ 9] °F /2 |F22 997 | #5S|#57| 237 /91370 379| 388| £02 | H0E| #35| 22| 258 £ 50| #25| 504 | #75 | #02| 386|377 | 57/ |#28|#/7 |#70 [ ¥77
4 D 10| °F 390 |#00 | #/9 | #28| 233 | 06| 379 |3290|360]369|38¢[389 | s/ 227 |35 L35 H03| 3728761363 (349|542 336|477 1410|3907 | 398
3 3 1] *F FIE| FI2|F55 | 463 |HS9 | H26 | H00| 3650|354 F02 | #/5 |F23 | 257 | F 57| JO8|HSC| £23357 | #20|#07| 390| 5857 | 375 | ##8| £F¥| #20| &7
16 W 121 °F A25| 445 | 39 | SS|H¥3 | F/0| 383 |368|352| 388| A0z |¢0¢| 227 |03 | w52 dtt|06] 370|305 FB2)| 368|358 353 |#53|v39| 20| #/¥
7 i3 °F SLL| S8 250 | 257 | L3 |F25( 396] 378|357 | F02 | #/5 | #/8 | £ 52| 400 | HE= |F52 | EI0| 557|427 |09 | 3o I80| 380 HS/ | L3E | S22 479
8 14| °F 408 | H¥22| 4/9 | 227 L27| 07 | 38¢| 350|37/| 378|390 ]|390| d29|d40| 97| #35| F0d| 377 383|375 | 364|353 950 | £ 40| &/ | #26|¥77
2'(97 Average °F HO6| 217 |3/ | £329|LL3[F26| #03| 352|368 377390303227 £39| LL7 | 2LT | F/E |.286|woo | 287 374 | 36¢| I60  H27 £22]|£/0| ¥
21 |?| Cylinder numbar 1]’ °F 407|4/9 | 227|229 (437 |#£/2 | 388| 340|358| 373| 385|390 | 420 |4£30|440 | £39| 207|372 | 384|375 | 362|355 350 | €02| 05| 794|389
22 oY 2§ °F 36/137/ | 38/ |385)| 395|375 355305322} 333]| 344| 348| 370 | 38¢| .39/ | 294 37/| 745|343 33/ 3271 273|307 3£| 386[ 369|362
23 |5 °F [ESY Y (S S JS— — pu—— ) | [p— pu— pU— pu— j— Ju— — pU, Juniy jam, P Puey Jat] jun,y [ putsvey pw, w5,
24 |- ;l-; 4| *F 13571363 | 375|382(393(890]| 373 302 | 3/6| 926] 337| 339| 367| 386| 392{¢00 | 387|360 356]> I3¢| 326|370 | 389| 393| 38/| 374
25 1|3 s|.cF,. 1359137/ | 387|398\ €03|396[379| 3/3 ] 327] 339 3¢9| 353| 54| F03| A0 |£ /4] 392] 364| IP6[ 363| 350 | 540| 335 | 37/ |.966] I8 963
25 |Y g. 6] *F 33/]| 34/ | 360|870 376|374 [356| 29/ 303| 37/5°| 323] 328| 353{F7/]| 372|385 367 837|338]| 25| /| 306|300 | F<2] B¢o| 335| I22
27 |ud 71 °F 3551 367 387|397| 595|987 368| 373 [ 323]| 332 ] 34/{ 947 | 37| 39/ | ¥oo| 405 | 383 9s58| F63| 347 334|235 /8| 36/| F#s| ¢o| 3«9
28 |& g" i3 383|395 | #/7 | #25| 430 |£20| 392| 745 I5%| 366 | 379| d86| #/#£| 224 £36|F¥9| #23]| 390] 83| 369 56| 47| 3e/| 3oa] 02| 382] 380
29 |2 |&| 9] °F 37/ 38/ |40/ | $08|#/0 | 3872 37/ | 33/ | 3¢/l 350] 36/| 370| 92| w02 | Q28| /7 | 380| 35| J67| I53]| 237 | J20] 323 879 370[F62] 364
30 I,)|x 10| _°F 367) 37/ | 385 888|400 368|348/ | F20| 33/ | 347/ | 35/] F60| 382|388 395 |#oo| 377| 3#/] 347 329| F77| 370|505 | 375| 370|937 357
31 | §, nl eF A0 | R/ | #/9|#/8 | #25| 385] 367 | I€5| 36/ |769 | 380 389 473 |#/s|w22|wr0]| 385 354|379 365 35/ | F43]| 337 ¥€035| 388 379] 378
32 a 12 F [ 392|403 | o020/ | 472 385342335 330|957 | 368|373 |07 | #00|#/7 | 458 373 340| 357| T43| 337 | 23| 3/7| 406 393|377 372
33 w « 13] °F $O3\ H/S | 270 |2/2 | £20| 385| 357| 342 367 | 365 | 378 | y8«¢| /70 | v/3| w2/ #/3 | 282| 353| 28/] 368] 354] 345] 339] 3. 3891370377

34 Z g 14] °F 74| 383)| 385 388| 397| 375 35/ | 323| 3¢/ 349| 357| 360| 392| 5397|L04| #0/| 372 | I4/| 349] 34/| 33/ [323] 32/ 397 200|286 276
35 D &3 Average °F 373| 384| 395|400 407| 386| 364|323 337] 347| 358| F6#| 390|400\ 408| £/0| 384] 354|363 350| 9.38| 339| 3% 395| 380 | 370| 367
36 |2 . j .
37 | Cylinder numiser 1| F- 2691273279279 |2791{272|206/|249|244|259| 263|265 277 | 282] 284 28/ | 267| 255 26626/ 256| 253 252 275 278|272 270
38 2| °F 23/ | 234|239]|237{239|23/7| 223| 2/8|2221226| 229| 230|239 |240| 24/ | 247 233| 223| 233| 228| 223| 22/ 279 | 246 2¢6] 2¢/| 238
39 3] °F 256[260|267| 207|270 264 253| 242| 297|237 | 253| 256|268 | 272 | 273 | 275 | 263 | 249| 203| 258| 234|257 | 249| 275 | 274 | 268|266
40 4] °F 226|230|289|239| 2+40|236123/|2/7 |222|225|230(23/ |240| 243|246 245|239 228 24/| 236( 237 229|225 255| 25¢] 249] 245
41 s °F 263| 207|275 279| 279|273 265 249 2535] 2059 263 26¢|276| 282|283 | 254|273 | 262| 278|272 267|263 260| 285] 282|279 =276
42 6] °*F 2/9 | 2238|233|236| 233|232 227 2/2| 2/5|2/9]| 222| 223|237 | 239 239 238|237 | 220] 236} 230| 225] 222]| 2/8 | 23| 243]| 237| 235]
43 v 7] °F —— | 239|275 | 273|255 |27/ | 265| 244|247 250| 237|253 |27/ | 275| 277| 277| 267| 257 572| 265] 260 257| 25€| 278 2 74| 267| 287

8 °F —_— ][ [ — [ —} ] ] ] — [ — ] — [ — | — | — —— —T T

45 8 5] °F 20|25/ | 266|265 26525 7| 245 239 | 243 2#8| 25 2| 255 263|206 | 270|268 2572451263 257 | 253248 | 243|277 26‘5‘ 2064|263
46 @ 10 °F 237|230 247245249237 227|225 | 225|232 236 | 240[ 248(240| 238|249 | 240| 229|237 | 237 | 227|224 |22/ | 248|247 [ 2#2| 249
47 [H] °F 2651269 | 277|274 274|264 254|250 (255 259|264 |266( 275|277 280|278 | 2867|253|269|263| 259|256|253[28/[2771273[270
«48 2 *F 247|257 [ 256|253 255 | 243|223[229|234| 238 | 242|244 (253|243 254|255 | 243| 222|244 239 233|230| 229|257 25¢| 249 247
4 3] °F RS/ |25# |26/ | 257| 259|246 | 237|236 240 243| 247|230 |25 7|260| 26/ | 260 | 249|227 |252| 247|247 | 239|238|267 |33 9| 254|252
50 4] °F 2331236(239| 237| 2421229 2/9( 220|224 227|230 232 | 240|240| 242|124/ 23/ |220] 233|227[222|2/9|2/6]| 243] 24 23912357
il Average °F 295|249 | 258 2571 237|250 247 233|237 | 24/ 2451247 257[ 260 267|267 | 237 2873 551|247 2421239 236 263 za'/lzsb‘ u‘ﬁl
S5d . :
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS Table IT Cylinder Temperatures
Engine make Wright | Blower imp. dia. llin | Prop. make Curtisa | Carb. model PRABAI| Fue! Spec. No ANE-28| Magneto make | Eguation (2)

Zem. Gear r:ﬂiop 7206} Typ: Elactric Moke Stromberg GPGJGPIQS_O - T Bosch A‘f‘;;a[tc"‘lﬁ(-}‘@j Sheet3 of 3
Model R-2600-22 10.06 1] No. of blades &4 Serial No. 343544 Serial N“EB.S:IFS_G_ w Test of
Mig. No. 426724 Master rod cylinders Cuffs Removed il- Gr, 12 LH,T- 4] i e’ |
Pr:p. red ratio 16:7 Nos.| and 12 Fan Curtiss Noi Oil-Grade 1120 Model SFI4L (F1Q Codling Correlation
Comp. ratio 69 Spark advance 20° Plugs L S-87 .

1 | ] Series rurmber 313 [ 3 [2 ]33 |3 [2[I3[3[3 [ ][] [3[s[v]|23[+]|€]+]=x]=
2 |p 3| Rum number — | #59|460 |#6/ |42 [ #c3 | #c| 265 266|207 w08 |2695 |70 |47/ (272 | #73 | 474|275 | 477| £78| 479|480 287
3 | & 3| Date 72544 12544 7.2 54 ] 72598 22544 | FIA~M| T 24 4| F2A AL F2A AL FI-AA| 7244 M 72444 1282 AT-24GAR2 4SS F 244 (T 24 AL |82 3448234 48234416 2304 523-M
4 r 2 Time [ AR EARAR AR I AR A RA A A A AP AR AV A LA N Y
5 Cylinder numbar 1] °F 407|398 | 386|378 | 370| £20| #/#| F27 | £/7 [ #/4 | 40« |#02| 95| 382|373 |63 | 350|568 |£78 | #5829 |4/4
6 2| °F 3701362 |350|3+9|34£/| 394 358| 39¢| 395|379 | 376 | 364 355|379 342|325]|3// |#33|#30|#08| 363|386
7 °F 39738237/ 1366|358| £/8| 08| 4/ 5| fo8| So£| 394 388|36/|373| 3766 |35¥| 3«/|s52|£53|4£323] 39600
8 4] °F 368|356 343337 330|3683[379|395|380|372|363|377|350|3¢7|3¢3|322|3// |9 |£/9|396|34¢/]|377
9 51 °F 375|365 |353| 350|347/ |389| 378| 397| 390|387 | 3751369362 |356|3+9| 335|320 |429|£35|£/2|374]| 382
10 ° 68| °F 352|345 334| 330| 23| 370|355 372|366| 365| 355 | 349 3¢5] 339 |332|3/5|302| 4£09| £/9|397| 342|367
H v 7] °F 366 | 353 | 34| F#R| 334|367 355 383|3680| 376|367 | 362|357 | 3£8|F¢/|33/| 370 |£3/|#36|#/6 |376(385
12 % 8] °F 374|363 350] 3¢45] 335] 392 378} 397|389 389|378 | 373|36#| 945 |3£7 | 329|309 |¢£50| £53|437 | 376 | +0/
13 [} 9| _°F 390 | 3781536/ | 354|375 202|394 4£09] #£02]| 39¢4| 382 376|366 (356|347 336|3/7 |£60| L65| 242421 277|408
14 2 0] °F 368 | 353335327 3/8| 380|367 38+£| 370 373| 368| 357|347 5339|325 Jos| 285|443 L4H £/7 | 364|395
5 £ ] *F £00| 388| 370|367 | 328| 475|407 | 20| £/5| #09 | 397 | 394 | 382| 37/|352| 343|375 |272| L68| 457 | #24£| 403
6 w 12] °F 38¢]| 368|357 | 34733/ 399|383 409393 394| 387| 380[370[355|337| 3/6 | 295| £64|£58| ¥32|378] 389
7 13] °F 200|397/ |375| 366| 355 405|399 | £/9 | #/3| #/2 | 402 | 397| 387|376 360 349| 328|46/| £66| 449 475|402
18 4] °F 377 | 867|352 3#4£| 336] £03| 39#| 399 [ IB7| 384379 | 370| 355)| 349 33/} 3/3| 295 | 445 £ 42| £/7 | 368|380
16 Average. “F 380 369|358|349| 339| 395| 35| 40/ 392| 389 360| 376| 36| 356| 3+46| 33/ 3/3 | L45] #48| £251383] 392
20
21 Lmu Cylindar number 1] °F 377 | 356 | 349 | 344 235| 379|375 386 379[ 376 | 5367]| 365 359 349| 3¢/ | 333| 22| P25 S30|4/5 | 793 | 37/
22 |y 2] °F 336 | 323|377 | 3/7 | 3/10 | 354|399 356 349| 344|339 |33/ 323| 320|373 | 299| 286]| 596[393[377 | 336 |35/
23 Ty 3| °F - ——————|— [ —— | — | | — | = |—
24 }:3 j’ 4] *F 547|329 320|376 | 3// | 356[ 35/ | 362|350 | 3¢5 338 | 833|327 | 326 32/ ]| 303 | 290[ 397 | 390 370]323 [349
25 || @ s| °F 357 133413261323|3/7 (3571349 (365 |36/ | 356|345 | 342|334 | 332(323|.3/3 | 208|402 |¢08 | 386] 355 | 385
26 Y §~ 8] °F 3/9| 304| 298|296|290 | 327|3/6 | 333|327 326| 3/8 | 5/5 [3// | 3/0|30/ | 289|277 | 363|373 35F]| 3/3 | 926
27 (Wl 7] °F 335|320 372 | 5/2 | 305 330 | 32/ | 349| 33| 3¢/ 33/ | 328|379 | 8/5 [309|302[283|387[393| 375 345 | 54«
28 |0.| 3 8| °F 3551344333330 320|.370| 358| 379 | 369| 370| 359 | 355|345 | 3¢/ [ 331 3/0 | 297 433|437 | #£/9 | 368| 392
29 |3 '?- o[ °F 35/ 335 323|3/7| 309 353 345| 96/ | 359| 35/ 340| 336|327 .322|3// | 305] 28/ | 4/5 | 420 | 403 | 375|368
30 |- o] °F 333[ 320]| 306 299] 29/ | 345|333 350| 338| 3¢/ | 335| 327| 3/7 [|.3/3 | 290| 284¢4| 263 |2/3 | 409|590 | 344|365
ETH I ] | *F 360| 350|335 326| 317 | 375|362 | 380|377| 37/ | 36/ | 358| 348|337 | 324 3/ 289 23/ |427|4// | 289| 364
32 @ 12| °F 346| 330| 3/9| 377|302 362|347 | 370 | 359 I56| 355 | 325|338 | 32£|3// |29/ | 373|429 #22(398]| 352|355
33 |w N 13 *F 360|347 | 336| 330| 323 362|357 377 | 373 369 | 362| #58| 350| 3401 327 | 3/9 | 300 | 424|423 | /2 | 387|364
EZAPAR] 4] °*F 344|330 320| 375|307 | 369|360 | 366| 357| 342| 3¢47| 340|529 | 322| 307| 289| 273| #97| 39/| 7L | 332|337
35]0| & [TAverage F 47| 332] 322[3/8 [ 3/0 | 357| 348| 364 357 354| 3¢06| 34/ 333| 327} 3/7 | Fog| 287| #08|£0/] 39/ | 35#[357
36 {2 .
37 jwd Cylindar numbar | °F 263 | 256 | 253 | 247 [ 247 | 266]| 263 | 267 | 26¢| 264 259| 255 25/ | 245 239|233 |225| 28/ 277| 267|254 253
38 2| °F 230|225 | 222 222|22/.| 237| 234|237 | 236| 234| 231|227 |22/ | 220(2/5 | 209|203 243|238 229|2/9 (225
39 3] °F 260| 2535| 250 | 248| 246| 266| 263 260| 205| 265 260| 255|248 | 245|239 233| 227|274 265|257 246 246
40 4| °F 238 23/ 227 [ 227| 227|243 239] 245 242] 242[ 237]| 235253/ [230|223|2/7] 27/ [ 24924/ |23/ 2/5 [ 227}
41 £l 270 | 264|260 | 258| 255277278277 | 275| 274| 268| 26/|256 | 25¢| 246| 239| 23/ 285|2680|268|25=2|259
42 6] °F 23/ 22422/ 22/ 2/9|236| 232]| 236] 234 233 228(225(222|222|2/5 | 209 203|243(238|2282/3|2/9
43 ¢ 7] _°F 250 | 242 | 252 | 252|249 270|263 270 | 267 265| 257|246 240|233 — |— | — | 292 —| 267|247 257
44 @ 8 °F [E— [p— [— — |p— — p— p— — | — — | — = — [— [ —— | — [ —[—
45 d‘; S| °F 285 | 250|245 | 24224/ |263]258| 263 | 260| 256|249 | 244|237 | 232|225\ 2/8 | 209|279 |27/ | 257 240 249
46 0] °F 23/ 227223 |222[220(24/| 236| 240[ 237| 238|232 227|222 2/9|2/3 | 205|797 | 255257 |243|230 235
47 1] °F 262| 257 | 252 | 25/|247 | 272|267 | 27/ | 268| 267 | 26/ | 255 250| 245| 23923/ |22/| 285|278 |27/ (260|258
48 12| °F 240 23723323/ 229 246( 24/ 246| 246]| 246|242 235|123/ | 228|220|2/3 | 205 |26/ |256|250| 237|239
49 13] °F 244 24/ | 237 | 235|233 | 2355 |250| 254 | 252|257 |24.7| 240|235 | 232|225| 2/8 | 209| 268| 258| 252| 240|247
50 14! °F 228222 22012/82/7 [236[232] 238 [233[233 229 22s8|22/7|2/6]| 209|203] /197 | 245 242| 233| 220226
51 Average °F 246|240 238| 237|234 254|250 254|252 25/ | 246] 24/ | 236| 232|225 2/9| 21/ | 266] 258] 250|236 24/
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Figure 1.- R-2600-22 engine installation

in PBM-3D ground-test setup.
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(a) Front of front cylinder

@ -total-pressure tube

=P open-end static tube
closed-end static tube

Figure 2.- Locations for pressure-tube installation on R-2600 cyiinders.

WATIONAL ADYIBORY COMMITTEE FOR ARRONAUTICS
LANOLEY MEMORIAL ARBROWAUTICAL LABORATORY - LANGLEY FIELD, VA.

(b) Rear of rear cyiinder

NACA
LMAL 39117.1
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Figure 3.-

MR No. L5L18

LMAL 37294

Embedded thermocouple installed on front cylinder
R-2600 engine.

NATIOWAL ADVISORY CONMITTER FOR AERONAUTICS
LARGLEY MEMORIAL ABRONAUTICAL LABORATORY - LANGLEY FIELD, VA.
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MR No. L5L18
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Figure & .— Qerails of sodiurm-cooled exhaust
valve equipped with a thermocoyple.



CONSTANTAN CONTACT

STEEL CONTACT

MR

No.

L5L18

General arrangement of exhaust-valve thermocouple

Figure 6.

contacts inside rocker-box of engine cylinder.




MR No. L5L18

& T vof bof ! m S
R E
h > ]
= He SHBE L SHh & 5
o Jio = O X
F Q{0 [ ~ T SMU
. s a3 = 1
St - . > &
e 2%
H B&mnrmwr o < ]
au novnmurnuu 3O a &
bt O. W o Hiw[F O o -3
et B R R Z wle
A olE DHRE T3 . _ O it
= O |t amadaTn " t (oo T
i Sl B Hobw : = < ¥
F O Hﬂdmdn,n/n.a - T Z X
o o ESHAE B pras b o
= huommom. :me. T o
st SR B e Tt G ;
HET - m,ix ok o
T oo i o
1 &H&momh 2w ) -t
= B EfApgo A ; .
ez 0 P o
e H / - iE
H Be -
s ,2 3”9 13 SN «
-t lm 2u2w5_ .g_ E } St 13
m.. 3m4n.1|.4..
H 171
g Epy R Ris
- .Inw HWA‘.
M it 40..
res
[
 H
3
1
~
g

Figure 7.- Variation of effective gas temperature with fuel-air ratio.
Cylinder heads; Wright R-2600-22 engine.
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